Introduction
The Brazil nut tree (Bertholletia excelsa Bonpl.) is native to the Amazon region. Its almond is rich in selenium, an antioxidant that has been associated with the prevention of cancer and formation of free radicals (Souza & Menezes, 2004) . It also contains all essential amino acids, with a high content of the sulphur amino acids (methionine and cysteine), which are usually insufficient in vegetable proteins (Souza & Menezes, 2008; Santos et al., 2010) . The Brazil nut partially defatted flour, a byproduct of oil extraction, has about 25% fat, 40% protein, and 7 mg kg -1 selenium (Souza & Menezes, 2004) . Brazil nut flour has the advantage of having lower lipid content than that of raw nuts, and it can be used as an ingredient in many food products improving their nutritional value.
Banana (Musa sp) is a tropical fruit of great importance in Brazil, constituting an important part of the income of small producers. Green banana is rich in resistant starch (up to 84%), a compound that has positive effects on the colon physiology and potentially prevents chronic non-communicable diseases such as diabetes (Teixeira et al., 1998; Freitas & Tavares, 2005) . Accordingly, green banana can be considered a functional food. An alternative to the consumption of fresh green banana is the use of banana flour, which is traditionally made with banana "comprida" (Musa paradisiaca), a variety rich in starch and widespread in the Amazon region. This flour, if properly prepared, preserves the functional properties of green banana and can be used in various products such as breads, cakes, cookies, pasta, and cereal bars (Pacheco-Delahaye & Testa, 2005; Fasolin et al., 2007; Borges et al., 2009 Borges et al., , 2010 Vernaza et al., 2011) .
The combination of Brazil nut flour and green banana flour results in a product with excellent nutritional value, which can be used in the formulation of cakes, breads, and cookies; in addition, it can also be used to prepare porridge for school meals (Souza et al., 2009 ). In the latter case, it allows for the use of regional ingredients with the purpose of improving the nutritional value of school meals, being in consonance with the Brazilian Law No. 1,947/2009, which states that 30% of the total funds distributed for free school meals should be used in the purchase of food coming from family producers (Brasil, 2009 ).
Including porridge pre-mixture in school meals is an interesting idea, but the stability of the product is an issue of concern since high temperatures and relative humidity observed in the Amazon region contribute to decrease the shelf life of powder products. Another issue relates to the fact that a nutritive porridge should be prepared with milk. However, the access to some places in the Northern region is often difficult, making it hard to supply food products that take a lot of space, such as fluid milk. One way around this problem is to provide the product pre-mixed with milk powder. Therefore, this study aimed to assess the stability of porridge pre-mixtures made with Brazil nut flour and green banana flour with or without milk powder during six months of storage. and evaluated for acidity and peroxide value (American Oil Chemists' Society, 2004) . The extraction of the lipid phase is required because the methods for oil acidity and peroxide value are described for oil samples and cannot be used directly in complex food samples.
Microbiological analysis
The pre-mixtures were evaluated for total and thermotolerant (45°C) coliforms ) and for yeasts and molds ), according to Vanderzant & Splittstoesser (1992) . The detection limits were 3 MPN g -1 for coliforms and 1 CFU g -1 for yeasts and molds.
Experimental design
A split-plot design was adopted. The factor studied was the addition of milk powder (treatments A, with milk powder and B, without milk powder). These trials were carried out in duplicate. The sub-plot was the storage time (0, 30, 60, 90, 120, 150, and 180 days) . The results were analyzed using analysis of variance (ANOVA) and Tukey's test to verify differences between the means (p < 0.05). The results of the microbiological tests were transformed into log (x) for statistical analysis. For the samples with results lower than the detection limit of the method, the statistical analysis was performed considering a value equal to the absolute limit of detection.
Sensory acceptance
The porridges made from pre-mixtures A and B were tested for sensory acceptance. The porridges were made as follows: the mixtures were added to 1 liter of water (A) or 1 liter of fluid milk (B) and heated over low heat under constant stirring. The cooking end point was defined as the moment when the viscosity increased enough for the porridge begins to come loose from the bottom of the pan.
The sensory acceptance tests were performed at the Laboratory for Sensory Analysis of Embrapa Acre using a randomized complete block experimental design with the monadic presentation technique (Meilgaard et al., 2006) . Forty one untrained consumers with ages between 18 and 50 years evaluated the porridges. Each panelist evaluated two samples. The study was approved by the Research Ethics Committee (resolution # 196/96, October 10th, 1996 , Brazilian National Health Council -protocol number 02966312.5.0000.5010). Sensory evaluations were carried out only after the conclusion of the physicochemical and microbiological determinations. Only samples in accordance with the Brazilian legislation regarding the count of coliforms (Brasil, 2001) , moisture content (Brasil, 2005a) and peroxide value and acidity of the lipid phase (Brasil, 2005b) were evaluated. The count of yeasts and molds was not considered impeditive to perform the sensory analysis since it did not have the maximum limit established by law (Brasil, 2001) . The panelists were asked to read and sign an Informed Consent Form before performing the analyses. The samples were assessed by the panelists in individual booths under white light. Approximately 20 g of each sample were served at room 2 Materials and methods
Porridge pre-mixture formulation
The Brazil nut flour (2.51% moisture, 5.24% ash, 24.44% total protein, 51.03% lipid, 9.90% fiber, and 6.89% carbohydrate) and green banana flour (9.52% moisture, 2.35% ash, 3.62% total protein, 0.53% lipid, 0.36% fiber, and 83.61% carbohydrate) were obtained from Olam Óleos da Amazônia (JLA Felício Import and Export, Rio Branco, AC, Brazil). The other ingredients were crystal sugar (Usinas Itamarati S.A., Nova Olimpia, MT, Brazil), instant whole milk powder (Ninho  , Nestlé  Brasil Ltd., São Paulo, SP, Brazil), and iodized salt (Cisne  , Refinaria Nacional de Sal S.A., Cabo Frio, RJ, Brazil); all with expiration dates greater than the deadline for the completion of the experiment.
Two types of porridge pre-mixtures were prepared: A) with milk powder, for subsequent preparation of porridge with the addition of water ; B) without milk powder, for subsequent preparation of porridge with the addition of liquid milk. Preliminary studies were conducted in order to define the formulations of the pre-mixtures. Pre-mixture A was formulated with 300 g Brazil nut flour, 300 g green banana flour, 150 g sugar, 5 g salt, and 130 g milk powder (this amount is sufficient to prepare 1 liter of milk, according to manufacturer's instructions). Pre-mixture B contained the same ingredients, except for the milk powder. The mixtures were packed in stand-up pouches made from polyethylene/ metallized polyester film. The packages were vacuum-sealed using a sealing machine (Selovac  200B, Selovac  Ind. Com. Ltd., São Paulo, SP, Brazil). The products were stored at room temperature at the laboratory of Food Technology of Embrapa Acre, between October and March, period coinciding with the rainy season in the region. Temperature and relative humidity were recorded daily by the weather station of Embrapa Acre. The products were initially evaluated for physicochemical composition, and every 30 days for moisture content, water activity, titratable acidity, pH, peroxide value and acidity of the lipid phase, total and thermotolerant coliforms, yeasts and molds, and sensory acceptance.
Physicochemical analysis
The pre-mixtures were evaluated in triplicate for pH, using a digital pHmeter (ITPH 2100, Instrutemp Instrumentos de Medição Ltd., São Paulo, SP, Brazil); titratable acidity (Association of Official Analytical Chemists, 2012); soluble solids content (ºBrix), using a digital refratometer (PAL-1, Atago Brasil Ltd., Ribeirão Preto, SP, Brazil); and water activity (aw), using an aw analyzer (AQUALAB CX-2, DECAGON Devices Inc., Pullman, WA, EUA), while moisture, ash, total lipid (Soxhlet method), total nitrogen (micro-Kjeldahl method), and crude fiber (van Soest method) contents were measured according to standard procedures (Association of Official Analytical Chemists, 2012). Total protein was calculated using the conversion factor 5.75 (for pre-mixture B) or 6.25 (for pre-mixture A). Carbohydrates were determined by difference. The lipid phase was extracted using the Soxhlet method (Association of Official Analytical Chemists, 2012) temperature in plastic cups, coded with 3-digit numbers, and a teaspoon. The sensory attributes appearance, color, texture, aroma, flavor, and overall impression were measured using a 9-point-structured hedonic scale (1 = dislike extremely, 9 = like extremely). Results were analyzed using ANOVA, and the differences between the scores were evaluated using the Tukey's test (p < 0.05).
Results
Pre-mixture A had higher protein and lipid contents and lower crude fiber and carbohydrate values (p < 0.05) than those of pre-mixture B (Table 1 ). According to data provided by the manufacturer, the whole milk powder used in this study had higher protein values (26%) and lipids (27%) and lower values of fiber (0%) and carbohydrates (38%) than those of the pre-mixture without milk powder (B). Thus, the addition of milk powder contributed to increase the percentages of protein and lipid in the pre-mixture A. Since moisture remained almost the same in both samples, the levels of fiber and carbohydrates were proportionally lower. In practice, the difference in composition between the two pre-mixtures is of little importance since the porridge that will be made from pre-mixture B will have the addition of milk, resulting in a final composition that is probably similar to that of the porridge made from pre-mixture A.
Water activity and moisture significantly increased with time (p < 0.05) for both pre-mixtures A and B (Figure 1 ). There was no significant difference between the treatments (p > 0.05) or time x treatment interaction (p > 0.05) for these parameters.
Changes in pH and titratable acidity of pre-mixtures A and B during storage are shown in Figure 2 . For titratable acidity, there was no significant difference (p > 0.05) between the treatments or the times evaluated and no time x treatment interaction (p > 0.05). With respect to pH, there were significant changes with storage time (p < 0.05), on day 180, pH was lower than that observed in the earlier days of storage.
For peroxide values (Figure 3) , there was no significant difference (p > 0.05) between treatments or the times evaluated and no time x treatment interaction (p > 0.05). The acidity of the lipid phase, on the other hand, significantly increased with storage time (p < 0.05) (Figure 3 ).
With respect to microbiological stability, all samples showed negative counts (< 3 MPN g -1 ) for total and thermotolerant (45 °C) coliforms. Therefore, the samples were in compliance with Brazilian law, which states that the thermotolerant (45 °C) coliforms count must be lower than 10 2 MPN g -1 for products to be consumed after the addition of liquid and heating (Brasil, 2001 ). This result proves that both the flour manufacturing process and the processing of porridge pre-mixtures were performed in accordance with the requirements for good manufacturing practices.
On the other hand, the mold and yeast count significantly increased (p < 0.05) with storage time (Figure 4 ), but there was no significant difference between pre-mixtures A and B.
With respect to sensory analysis, there was no significant difference (p > 0.05) between the two pre-mixtures for the parameters evaluated (appearance, aroma, texture, flavor, and overall impression) at any time during storage ( Table 2 ). The only exception occurred right after preparation (zero days of storage), when the porridge made with pre-mixture A had a slightly higher average score for aroma than porridge made from pre-mixture B. 
Discussion
The protein contents of pre-mixtures A and B were 12.24% and 9.11%, respectively (Table 1) . Since the porridges usually consumed by children in the Amazon region are made with water and banana flour only, which contains low protein content (only 3.6%), it can be said that the inclusion of Brazil nut flour in the formulation resulted in a significant increase in protein levels, improving the nutritional value of the meal.
A balanced diet for children should provide 9-15% of energy from protein, 35-45% from lipids and 45-55% from carbohydrates (Cerezal-Mezquita et al., 2007) . As for the pre-mixture A, the percentages of the total energy due to proteins, lipids, and carbohydrates were 11.0, 42.8, and 46.2%, respectively. As for the pre-mixture B, these values were near ideal (8.8, 34.8 and 56.4%) even before addition of milk. Thus, the developed formulations may be considered adequate for feeding school age children.
The increase in moisture and water activity with time (Figure 1 ) indicated the transfer of water vapor through the packaging, which may have occurred due to permeation through packing material or sealing faults. Alves et al. (2008) observed that, for milk powder stored in metallized polyester / polyethylene packs, water activity also increased with time, particularly when storage was carried out at high temperature (35 °C) and high relative humidity (90%). High temperatures increase the water vapor permeability of the packaging material. In the present study, the temperature and relative humidity during the six months of storage were quite high, with mean values of 26.39 ± 1.33 °C and 87.91 ± 6.13%, respectively.
Despite the significant increase with time, the average moisture content of the pre-mixtures (8.65%) at 180 days of storage was smaller than the maximum established by Brazilian legislation for flour, which is 15% (Brasil, 2005a) . As expected, the increase in moisture was accompanied by an increase in water activity. In general, water activities below 0.70 inhibit the growth of most microorganisms, and values below 0.60 inhibit even xerophilic molds and osmophilic yeasts, which can still grow in the range from 0.60 to 0.65 (Troller, 1980) . In this study, the water activity values were below 0.70 throughout the storage period.
The decrease in pH at the end of the storage time (Figure 2) was not accompanied by an increase in titratable acidity, which remained constant during the entire storage period. This result can be explained by the higher moisture observed at the end of storage, which contributed to dilute organic acids and increase the concentration of ions H + . Borges et al. (2010) evaluated cake pre-mixtures made with green banana flour and also observed a decrease in pH after 120 days of storage.
The peroxide values of the samples remained low during the whole storage period (Figure 3) , with an average value (0.42 mEq kg -1 ) below the maximum limit specified by Brazilian legislation for cold pressed unrefined oils, which is 15 mEq kg -1 (Brasil, 2005b) . Peroxide value is indicative of oxidative rancidity Table 2 . Average scores (n = 41) given to the sensory attributes of appearance, aroma, texture, flavor, and overall impression for the porridges prepared from pre-mixtures A (with milk powder) and B (without milk powder) at different storage times. and is always associated with the presence of oxygen, which reacts with unsaturated fatty acids resulting in the formation of peroxides and hydroperoxides (Ramalho & Jorge, 2006) . Our results show that the packaging used offered good barrier against oxygen under the conditions of the study, and that the use of vacuum was effective in avoiding autoxidation of the residual oil present in the porridge pre-mixtures.
The acidity of the lipid phase increased with storage time (Figure 3) , reaching, at day 180, a value (3.6 mg g -1 of KOH) close to the maximum limit established by Brazilian legislation for cold pressed unrefined oils, which is 4.0 mg g -1 of KOH (Brasil, 2005b) . The acidity of the lipid phase measures the free fatty acids content and is an indicative of hydrolytic rancidity (Ramalho & Jorge, 2006) . The increase in hydrolytic rancidity with time was related to the increase in moisture (Figure 1 ) and to the high temperatures observed during this study since the reaction is accelerated by the presence of water and by heat (Ramalho & Jorge, 2006) .
Regarding the microbiological stability, the mold and yeast count increased with storage time for pre-mixtures A and B (Figure 4 ). Although Brazilian legislation does not establish a maximum limit for this parameter in products to be consumed after the addition of liquid and heating (Brasil, 2001) , the increase in the count of yeasts and molds is undesirable because it can lead to quality defects (bad flavor, nutritional losses, etc.) and negatively influence food safety (due to the production of toxins, for example). At 120 days of storage, the count of yeasts and molds of pre-mixture A, 10 3 CFU g -1 , was equal to the maximum limit allowed by former Brazilian law (Brasil, 1978) . The count of yeasts and molds continued to increase with storage time (Figure 4 ), but even after 180 days the mean value, 1.1 × 10 4 CFU g -1
, was lower than that previously reported for other products containing nuts. Granada et al. (2003) , evaluating commercial samples of granola, found mold and yeast count between 12 × 10 4 CFU g -1 and 33 × 10 6 CFU g -1 .
The increase in the count of yeasts and molds was accompanied by an increase in moisture content. The greater availability of water probably favored the growth of these microorganisms. However, it must be noted that the water activity, although it increased with time, remained below 0.60, which is considered as a threshold value for microbial growth (Troller, 1980) up to 90 days of storage. Thus, the increase in the count of yeasts and molds observed during this period of time was unexpected. A possible explanation for this result is that the entry of water vapor in the package must have occurred at a rate greater than the rate of diffusion inside the product. Thus, before the water diffused into the product (which occurs slowly), there were points inside the package where the moisture content was higher than that in the sample as a whole. In those points, there were probably favorable conditions (high water activity) for the fungi to grow. From 90 days of storage on, the increase in yeast and mold count was greater, coinciding with the time at which the water activity of the samples became higher than 0.60.
Another point that should be discussed is the fact that the samples were vacuum-packed, which in principle should have prevented the growth of fungi since most molds and yeasts in foodstuffs are aerobic (Jay, 2000) . However, the application of vacuum does not remove all oxygen from the packed product (Hotchkiss, 1988; Vermeiren et al., 1999; Cruz et al., 2006) . In addition, metallized polyester / polyethylene packages exhibit some permeability to oxygen (Alves et al., 2008) . Although the oxygen permeability was not measured in this study, it can be stated that it was sufficient to allow the growth of molds and yeasts. It is also important to emphasize that, despite foodborne fungi have long been considered to be obligate aerobes, nowadays there is considerable evidence indicating that some of these fungi can grow under facultative anaerobic conditions (Marchant et al., 1994; Wainwright et al., 1994; Panagiotou et al., 2005; Taniwaki et al., 2009) . Consequently, there is some concern that modified atmospheres with reduced oxygen may not effectively control or prevent fungal growth (Taniwaki et al., 2009) , and this may explain our findings.
With respect to sensory analysis, the average scores were higher than 6 for all parameters tested (Table 2) , indicating good sensory acceptance. Regarding flavor, the scores were even higher (above 7), showing that this parameter was the one that most positively influenced acceptance. On the other hand, appearance received the lowest scores, suggesting that this may be a characteristic to be improved in the product.
It was possible to observe a slight trend towards reduction in flavor scores with time ( Table 2) , showing that part of consumers were able to detect the loss of quality as evidenced by changes in moisture (Figure 1) , acidity of the lipid phase (Figure 3) , and yeast and mold count (Figure 4 ).
At zero days of storage, the porridge made with pre-mixture A had a higher average score for aroma than that of the porridge made with pre-mixture B (Table 2 ). However, this result was punctual and does not seem to have any correlation with any physicochemical determination carried out in the pre-mixtures. Possibly, the difference in aroma reflected the quality of fluid milk used in the preparation of porridge from pre-mixture B.
Conclusions
The porridges prepared from pre-mixtures made from Brazil nut flour and green banana flour, with and without milk powder, had good acceptability throughout the studied period. Despite that, both samples presented an increase in moisture content and in the counts of molds and yeasts, the latter especially after 90 days of storage, when water activity reached the limit of 0.60. The results showed that the product, in both forms of presentation, has good potential to be distributed in areas of difficult access in the Northern region. However, it is recommended that the expiration date does not exceed 90 days. Alternatively, further research should be conducted to find a package with better moisture barrier that ensures a longer period of shelf life.
